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EXECUTIVE SUMMARY  
 
The DoD Modeling and Simulation Coordination Office, the Navy Modeling and 
Simulation Office, and the Army Modeling and Simulation Office sponsored the Naval 
Postgraduate School to develop a suite of educational products for the acquisition and test 
and evaluation communities.  These products were to enable system developers and 
acquirers to effectively use Modeling and Simulation (M&S) across the acquisition 
lifecycle.  The Naval Postgraduate School formed a partnership with six universities 
recognized as leaders in M&S education to develop the materials. 
The resulting products include 16 full academic courses, two resident short 
courses, ten online courses intended for use as Defense Acquisition University 
continuous learning modules, 11 standalone case studies, an updated Acquisition 
Manager’s Guide to M&S, and a longitudinal assessment plan for evaluating the courses 
over the long term.  A detailed description for each of these products is provided in this 
report.  All of the products were delivered to the sponsors via a web-enabled server.  
Access to the server is available upon request and by approval from the sponsor 
activities. 
The entire suite of education products is intended for wide distribution and use 
across the educational community.  The intellectual property rights of the materials reside 
in the public domain, so that any institution of higher learning can be granted access and 
incorporate the materials into their educational catalogs.  
An initial list of available courses based on these materials is available at 
http://www.nps.edu/Academics/GSEAS/MSACQ/.  For any additional information, or to 
request access to the course materials themselves, please email the project team at 
MSAcq@nps.edu.   
While the preparation of the materials is complete, some issues remain.  The 
modeling and simulation community and the larger acquisition community must provide 
the student demand that will result in the courses being delivered.  The material must be 
maintained and its use recorded.  The longitudinal assessment must be completed.  These 
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Modeling and Simulation (M&S) is used throughout the Department of Defense 
(DoD) during system development and acquisition to improve the decisions made by 
program developers and leaders.  At each stage of the acquisition lifecycle, appropriate 
strategies for incorporating M&S into processes can be applied.  The insights gained by 
these M&S activities contribute to the knowledge and understanding of the system under 
development. These insights often lead to improved system quality, lower overall 
development costs and smarter implementation, operation and sustainment throughout the 
life of the system.  In many instances, M&S provides the only feasible means for 
exploring the attributes of a system at a given stage in its development. 
In order to better realize the benefits of M&S, the DoD acquisition workforce 
should understand the principles of M&S and the available means to employ it 
throughout the acquisition life cycle.  Early concept developers need to understand how 
M&S can be used to explore and develop projected capability portfolios.  In turn, M&S 
can help determine the system requirements to support the designed capabilities.  
Contract writers and cost estimators must consider the implications of M&S use and 
incorporate it into formal acquisition contracts.  System developers must effectively 
utilize M&S throughout development, including requirements modeling and prototyping, 
engineering analysis, Analysis of Alternatives (AoA) exploration, and other trade off 
studies.  Testers must understand how to incorporate M&S into test strategy while 
appreciating its limitations.  
An assessment of education across the nation revealed that most M&S 
educational opportunities were aimed towards M&S developers (Catalano and Didoszak, 
2007).  Very few courses exist that are focused on consumers of M&S as the intended 
student audience.  This finding demonstrated a need to provide educational opportunities 
that concentrate on the application of M&S within various domains.  In particular, the 
DoD Modeling and Simulation Coordination Office recognized a need to educate the 
acquisition workforce for reasons described above.   
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B. RESULTS 
To meet this need, the Naval Postgraduate School partnered with six universities 
recognized for their prominence in M&S education.  The partnering universities include 
George Mason University, Johns Hopkins University, Old Dominion University, the 
University of Alabama at Huntsville, the University of California San Diego, and the 
University of Central Florida.   
Through this partnership we developed 16 full academic courses, 2 resident short 
courses, 10 online courses, 11 standalone case studies, an updated Acquisition Manager’s 
Guide to M&S, and a longitudinal assessment plan for evaluating the courses over the 
long term.  All of these materials are intended for broad distribution in the public domain 
to maximize their usefulness.  This report describes these products in  detail.   
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II. FINAL DELIVERABLES 
A. 16 ACADEMIC COURSES 
The partners created 16 courses that are intended for a full quarter or semester 
offering at the graduate level.  The materials provided should enable a subject matter 
expert to instruct the course with minimal modifications if desired.   The 16 courses we 
created, along with specific information about the materials provided are discussed here. 
1. M&S in the Acquisition Life Cycle, Part One 
Course Description 
Upon successful completion of this course, students will be able to describe the 
Pre-Acquisition M&S activities, and the M&S used in the initial phases of the 
Acquisition Life Cycle, using the progression of different modeling and simulation 
applications in use in each phase as a benchmark. They will be able to identify a 
particular tool and apply it appropriately to the correct point in the lifecycle and relate 
specific tools to the decision points that separate the acquisition phases.  Further using 
extensive case study history from the commercial aviation and automotive industries, 
students will understand how industry concepts of Simulation-Based Life Cycle 
Engineering are integrated into selected phases of the program lifecycle to actually create 
products. 
Materials Delivered 
 The course materials provided for the full academic version of this course include: 
• Revised course syllabus 
• 32 sets of lecture slides complete with instructor notes - approximately 
535 slides 
• Three case studies 
• Two practical exercises 
• Final Exam 
 Developer 
This course was developed by George Mason University. 
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2. M&S in the Acquisition Life Cycle, Part Two 
Course Description 
Upon successful completion of this course, students will be able to describe the 
M&S used in the final phases of the Acquisition Life Cycle, using the progression of 
different modeling and simulation applications in use in each phase as a benchmark. They 
will be able to identify a particular tool and apply it appropriately to the correct point in 
the lifecycle and relate specific tools to the decision points that separate the acquisition 
phases.  They will be able to identify sustainment and training support M&S for a 
representative system. Further using extensive case study history from the commercial 
pharmaceutical industry and change management case history, students will understand 
how emergent industry concepts of Simulation-Based Life Cycle Engineering facilitate 
new insights into reducing the time, resources, and risks while accommodating related 
change within industry. 
Materials Delivered 
 The course materials provided for the full academic version of this course include: 
• Revised course syllabus 
• 28 sets of lecture slides complete with instructor notes - approximately 
355 slides 
• Three case studies 
• Two practical exercises 
• One group project assignment 
• Final Exam 
Developer 
This course was developed by George Mason University. 
3. M&S Strategy and Support Plans 
Course Description 
This course is designed to educate and introduce acquisition workforce 
professionals to modeling and simulation (M&S) and its application to M&S planning 
and the generation of support plan documents. The general focus of this course is to 
define and identify the benefits of M&S and its application to the understanding, use and 
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evaluation of M&S planning. Students will learn how to develop an integrated Simulation 
Support Plan (SSP), System Engineering Plan (SEP), and Test and Evaluation Master 
Plan (TEMP). Specific focus areas include: the M&S planning process and its 
relationship to life cycle phases of development and acquisition milestone decisions; 
program cost, schedule and performance considerations; trade-off decisions; and 
effectiveness assessment.  
Materials Delivered 
 The course materials provided for this course include: 
• Revised course syllabus 
• 12 sets of lecture slides - approximately 630 slides 
• Extensive supplemental reading and references 
• Mid Term and Final Exam 
Developer 
This course was developed by the University of California San Diego. 
4. M&S Requirements and Evaluating M&S Proposals 
Course Description 
This course will enable the student to establish and write valid modeling and 
simulation requirements using a process that includes modeling and simulation needs 
analysis, generation of valid modeling and simulation requirements, functional 
decomposition and conceptual model development, and issuance of “built to” or “buy to” 
performance specifications. The student will understand how models and simulations 
evolve in fidelity, resolution, and scope as the program life cycle progresses.  The student 
will learn to compare M&S proposals, relative to measurable program contributions. The 
student will learn the decision making process on the appropriate program office level of 
expenditure on M&S tools throughout the program life cycle. The student will learn how 
to make decisions as to whether custom or off-the-shelf products will be best suited for 
the program’s purpose.  
Materials Delivered 
The materials provided for this course include: 
• Revised course syllabus 
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• 20 sets of lecture slides, approximately 790 slides 
• 21 sets of instructor notes 
• Recommended supplemental reading 
• File trace matrix – Identifies the topics covered in each lecture slide set 
• Student assessment plan 
Developer 
This course was developed by Old Dominion University. 
5. Contracting for M&S 
Course Description 
Upon completion of this course, students will be able to recognize contracting 
issues for M&S products.  This includes considerations for intellectual property issues, 
delivery terms, maintenance responsibility, standards for documentation, open 
architecture, interoperability, reuse and other considerations. 
Materials Delivered 
The materials provided for this course include: 
• Revised course syllabus 
• 12 sets of lecture slides - approximately 680 slides 
• 13 sets of instructor notes 
• Reference List 
• File trace matrix – Identifies the topics covered in each lecture slide set 
• Final Exam 
• Student assessment plan 
Developer 
This course was developed by Old Dominion University. 
6. Best Practices in M&S 
Course Description 
In this course the student will review the best practices and standards in modeling 
and simulation. The student will learn the requirements for development of best practices 
and standards in modeling and simulation. The student will apply requirements to key 
case studies. The student will learn VV&A reporting. The student will study the 
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development and acquisition in M&S lifecycle.  The student will learn how to manage 
and reuse existing models, data, and simulations appropriately and assure that new 
products developed are designed and prepared for reuse.  
Materials Delivered 
The materials provided for this course include: 
• Revised course syllabus 
• 17 sets of lecture slides complete with instructor notes - approximately 
625 slides 
• Supplemental Readings 
• File trace matrix – Identifies the topics covered in each lecture slide set 
• Student assessment plan 
Developer 
This course was developed by Old Dominion University. 
7. M&S in Decision Risk Analysis and Risk Mitigation 
Course Description 
This course is designed to educate and introduce the acquisition workforce 
professionals to modeling and simulation (M&S) and its application to Decision Risk 
Analysis and Risk Mitigation. This course will introduce the student to the concepts 
entailed in the use of M&S to make informed engineering tradeoff analyses through the 
program’s Decision Risk Analysis process. General focus areas of this course include: 
application of experimental design, level of model detail, risk mitigation strategy 
development, evaluation of M&S outputs/measures, and M&S application as a pre-test 
prediction tool.  
Materials Delivered 
 The course materials provided for this course include: 
• Revised course syllabus 
• 12 sets of lecture slides - approximately 520 slides 
• Extensive supplemental reading and references 
• Mid Term and Final Exam 
Developer 
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This course was developed by the University of California San Diego. 
8. M&S Environments 
Course Description 
This course covers architectures and attributes of modeling and simulation 
environments (live, virtual, and constructive) as well as interoperability approaches 
(standalone, interoperable). The focus of these topics is on their application and 
suitability for testing and acquisition applications.  
Materials Delivered 
The materials provided for this course include: 
• Revised course syllabus 
• 6 sets of lecture slides complete with instructor notes - approximately 605 
slides 
• 8 homework assignments 
• Mid Term and Final Exam 
Developer 
This course was developed by the University of Alabama at Huntsville. 
9. M&S Data Strategies 
Course Description 
This course covers categories, uses, formats, and models of data for modeling and 
simulation. Acquiring, converting, preparing, controlling, securing, and distributing data 
are discussed. The focus of these topics is on their application and suitability for testing 
and acquisition applications. 
Materials Delivered 
The materials provided for this course include: 
• Revised course syllabus 
• 7 sets of lecture slides complete with instructor notes - approximately 685 
slides 
• 11 homework assignments 
• Mid Term and Final Exam 
Developer 
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This course was developed by the University of Alabama at Huntsville. 
10. M&S for Test and Evaluation, Introduction 
Course Description 
This course will address the use of modeling and simulation as a complement to 
physical testing in support of systems evaluation. The general relationships among 
simulation, test, and evaluation will be introduced in context of systems acquisition life-
cycle management. Forms of use of simulation in support of test planning, test execution, 
and systems analysis will be described, characterized, and illustrated with real-world 
examples. Issues and opportunities relevant to the integrated use of simulation and testing 
will be identified; and strategies to optimize the use of scarce resources in executing test 
and evaluation programs will be provided.  
Materials Delivered 
The materials provided for this course include: 
• Revised course syllabus 
• 7 sets of lecture slides complete with instructor notes - approximately 730 
slides 
• Supplemental readings 
• 12 student exercises 
• Four Exams 
• Reference list 
• Lecture contents overview 
• Glossary 
Developer 
This course was developed by the University of Alabama at Huntsville. 
11. M&S for Test and Evaluation, Advanced 
Course Description 
This course is a follow-on from the introduction course. It will address the 
application of modeling and simulation as a complement to physical testing in support of 
systems evaluation. The general relationships among simulation, test, and evaluation will 
be further investigated in context of systems acquisition life-cycle management. Forms of 
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use of simulation in support of test planning, test execution, and systems analysis will be 
described, characterized, and illustrated with real-world examples. Issues and 
opportunities relevant to the integrated use of simulation and testing will be identified; 
and strategies to optimize the use of scarce resources in executing test and evaluation 
programs will be provided.  
Materials Delivered 
The materials provided for this course include: 
• Revised course syllabus 
• 7 sets of lecture slides complete with instructor notes - approximately 760 
slides 
• Supplemental readings 
• 12 student exercises 
• Four Exams 
• Reference list 
• Lecture contents overview 
• Glossary 
Developer 
This course was developed by the University of Alabama at Huntsville. 
12. Introduction to Engineering M&S Applications 
Course Description 
This course will introduce a wide array of engineering modeling and simulation 
tools to give acquisition professionals a general understanding of key capabilities 
available to support design processes. Upon completion, students should gain a general 
awareness of the wide range of M&S support available for DoD system designs.  
Materials Delivered 
The materials provided for this course include: 
• Revised course syllabus 
• 12 sets of lecture slides complete with instructor notes - approximately 
370 slides 
• 2 Final Exams 
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• Reference list 
• File Topic Matrix 
• Student Assessment Plan 
Developer 
This course was developed by Old Dominion University. 
13. Introduction to Physics Based M&S 
Course Description 
The course will introduce basic concepts in the modeling of engineering systems. 
The steps involved in the idealization of systems to produce a “computable” model will 
be discussed. Examples will involve structural, thermal, fluid, and electrical aspects. 
Fundamental physical quantities such as rates of change, (e.g. acceleration, stress) and 
force will defined heuristically. The simulation of simple physical processes (e.g. falling 
object) will described and simple simulation algorithms will be described. No computer 
programming is required. Spatial discretization, finite difference and finite element 
methods will be introduced.  
Materials Delivered 
The materials provided for this course include: 
• Revised course syllabus 
• 44 sets of lecture slides, approximately 450 slides 
• Directory of lectures 
• Final Exam 
Developer 
This course was developed by the Naval Postgraduate School. 
14. Basic Engineering Concepts in M&S I 
Course Description 
This course will provide introductory concepts of various engineering topics to 
DoD non-technical acquisition professionals who do not have engineering or science 
degrees so that they can obtain a general understanding of key M&S capabilities 
necessary for design, analysis, and maintenance of engineering systems. The topics 
covered in the course include structural mechanics, shock & vibrations, fluids, heat 
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transfer & thermodynamics, dynamics and controls, and materials and fabrication. Upon 
completion, students should have basic understanding of the wide range of engineering 
concepts that are essential for physics-based engineering M&S.  
Materials Delivered 
The materials provided for this course include: 
• Revised course syllabus 
• 6 sets of lecture slides, approximately 525 slides 
• 5 course notes files 
• 3 demonstrative videos 
• Exam questions for each module (6) 
Developer 
This course was developed by the Naval Postgraduate School. 
15. Basic Engineering Concepts in M&S II 
Course Description 
This course will provide introductory concepts of various engineering topics to 
DoD non-technical acquisition professionals who do not have engineering or science 
degrees so that they can obtain a general understanding of key M&S capabilities 
necessary for design, analysis, and maintenance of computers, weapons platforms, and 
Electrical engineering systems. The topics covered in the course include wave 
propagation, modeling and simulation approaches to complex system design and 
assessment, fundamentals of computer software and its limitations, basic concepts in 
electrical engineering and electrical machinery, and the fundamental issues involved in 
C4ISR systems. Upon completion, students should have basic understanding of the wide 
range of engineering concepts that are essential for physics-based engineering M&S.  
Materials Delivered 
The materials provided for this course include: 
• Revised course syllabus 
• 7 sets of lecture slides, approximately 610 slides 
• Course outline 
• Directory of lectures 
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• Exam questions for each module (7) 
Developer 
This course was developed by the Naval Postgraduate School. 
16. Selected Topics in the Application of Engineering M&S 
Course Description 
This course provides the DoD acquisition professional with an overview of how 
typical engineering modeling and simulation applications support the acquisition process. 
A systematic approach will be used to demonstrate the function of physics based 
modeling and simulation in the design, production, operation and maintenance of 
complex systems. The course is broken into four general topic areas that address specific 
engineering features related to land vehicle systems, sea based systems, aviation systems 
and space-satellite systems. Investigations into the feasibility, utility, and risk of 
engineering modeling and simulation in each of these focus areas will be highlighting 
through the use of engineering case studies. Upon completion of this course, students 
should have a general awareness of engineering modeling and simulation applications in 
support of the acquisition lifecycle.  
Materials Delivered 
The materials provided for this course include: 
• Revised course syllabus 
• 6 sets of lecture slides complete with instructor notes, approximately 800 
slides 
• Exam questions for each module (6) 
• Homework/practical exercises for each module (6) 
• Case study exercises 
• Final Exam 
Developer 
This course was developed by the Naval Postgraduate School. 
B. TEN CONTINUOUS LEARNING MODULES 
The partners created online continuous learning modules (CLMs) for publication 
through the Defense Acquisition University for 10 of the courses.  These are subsets of 
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the information from the full academic versions and are intended to introduce the topics 
to students for a basic level of understanding of each.  The 10 CLMs are: 
1. M&S Strategy and Support Plans 
2. M&S Requirements and Evaluating M&S Proposals 
3. Contracting for M&S 
4. Best Practices in M&S 
5. M&S in Decision Risk Analysis and Risk Mitigation 
6. M&S Environments  
7. M&S Data Strategies 
8. M&S for Test and Evaluation, Introduction 
9. M&S for Test and Evaluation, Advanced 
10. Introduction to Engineering M&S Applications 
These modules will be evaluated by the appropriate Functional Integrated Product 
Team (FIPT) to assess their relevance and effectiveness.  Guidance from the FIPTs will 
result in acceptance of the modules for publication through DAU, necessary 
modifications prior to publication, or a determination of unsuitability within the DAU 
acquisition community framework.  In any case, the web-based materials are available for 
use or modification for use by any appropriate party. 
C. TWO SHORT COURSES 
Based on stakeholder guidance, the two M&S in the Acquisition Lifecycle 
courses were developed as face to face short courses.  This enables workforce members 
under tight time constraints to attend a week or two of courses and become familiar with 
the basic concepts of the full versions of the course.  The courses can be taught either as 
two three day courses, or consolidated into one full week. 
  Materials Delivered 
The materials provided for M&S in the Acquisition Lifecycle Part I short course 
include: 
• Revised course syllabus 
• 15 sets of lecture slides complete with instructor notes - approximately 
365 slides 
• Two practical exercises 
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• Schedule options for short course execution 
• Abbreviations and Glossary 
The materials provided for M&S in the Acquisition Lifecycle Part II short course 
include: 
• Revised course syllabus 
• 9 sets of lecture slides complete with instructor notes - approximately 190 
slides 
• Two practical exercises 
• One case study 
• Schedule options for short course execution 
• Abbreviations and Glossary 
D. ELEVEN ENGINEERING CASE STUDIES 
A series of engineering case studies were assembled as supplemental material for 
this program.  These case studies are primarily aimed at acquisition professionals who do 
not possess an engineering degree or perhaps do not have a strong background in physics-
based M&S, and emphasis is placed on describing the underlying engineering concepts.  
Some of these case studies have been worked into the materials for various courses 
within the curriculum.  They are all available for use with these courses or to meet any 
other appropriate educational purpose.   
The eleven engineering case studies are listed here: 
1. Ship Shock Simulation: Survivability as an Integral Part of Ship Acquisition 
2. Life-Limiting Damage in Railguns: Role of M&S in Root Cause Analysis, 
Design and Acquisition 
3. Ship Maneuvering and Control for DoD Acquisition 
4. The Use of M&S to Assess Weapon System Performance 
5. Assessing Design Adequacy of a Common Machine Part 
6. Finite Element Analysis to Reduce Acquisition Cost 
7. Improving the Fuel Efficiency of Light Trucks 
8. Ocean Modeling and Simulation for Acquisition 
9. The Importance of Heat Transfer Engineering 
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10. M&S as an Integral Part of Assessing Overall System’s Performance and 
Control Robustness 
11. Thermo-mechanical Analysis of Directed Energy Weapons on Satellites 
E. ACQUISITION MANAGER’S GUIDE TO M&S 
The Acquisition Manager’s Guide to M&S was developed as an update to a 
similar document published in 1994 (Piplani et al., 1994).  It represents a collaborative 
effort from members of the military, civilian and academic M&S community.  The guide 
provides Acquisition Managers and the general acquisition workforce information about 
current DoD directives, policies and technology applications upon which to base sound 
acquisition decisions involving M&S.  The information in the guidebook comes from 
various sources, with contributions from across the defense M&S community. 
The guidebook is separated into eight chapters. Chapter 1 introduces M&S in 
acquisition. A brief background and history of M&S in acquisition is provided, to include 
today’s applications and the reform movement. Chapter 2 outlines M&S requirements to 
include organization and policy, the hierarchy of modeling and simulation, evaluation of 
M&S proposals and contracting for M&S. Chapter 3 discusses the management of M&S 
in regards to planning for the M&S effort, models and simulations as contract 
deliverables, and standards for reuse. Chapter 4 details the attributes and hierarchy within 
M&S while also exploring various M&S methods that may be applied during a project’s 
lifecycle. Chapter 5 covers M&S policy and also provides a detailed explanation of the 
defense Acquisition Framework. Chapter 6 describes managing M&S within a program 
and provides the Program Manager (PM) with an outline of a Simulation Support Plan 
(SSP). Chapter 7 helps the Acquisition Manager in determining credibility and 
confidence in the use of M&S results as achieved through the implementation of 
Verification, Validation, and Accreditation (VV&A) processes. Chapter 8 draws attention 
to common issues in M&S as well as discusses some future trends in the field. Following 
the conclusion is an extensive Bibliography and reference list of M&S acquisition-related 
sources. This guidebook also includes a List of Acronyms and additional DoD Resources 
as appendices.   
The guidebook was written by the Naval Postgraduate School. 
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F. LONGITUDINAL ASSESSMENT PLAN 
Part of the tasking for the project was to develop a longitudinal assessment plan 
for evaluating the effectiveness of the courses over time.  For each course, we developed 
a tailored pre-course survey and post-course survey to evaluate the educational 
experience at the time of delivery.  We also provide a two-year follow up survey for each 
course meant to assess the effectiveness of the course after the students have had the 
opportunity to apply what they learned as part of their job functions.  Each of the surveys 
is tailored to represent the specific learning objectives of the courses themselves.  A total 





This report described the educational products developed under the Modeling and 
Simulation Education for the Acquisition Workforce project.  The sustainment of these 
products over time will depend on the student demand for the course materials in addition 
to any centralized efforts to maintain the materials.  This has long been a concern of the 
academic partners: will student demand materialize?   
The academic partners are ready to deliver the courses.  They will work with the 
sponsors to meet student demand, and to assist the sponsors in generating demand.   
An initial list of available courses based on these materials is available at 
http://www.nps.edu/Academics/GSEAS/MSACQ/.  For any additional information, or to 
request access to the course materials themselves, please email the project team at 
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